Together our data demonstrate that the ability to prime Th2 cells during intestinal helminth infection, is a selective and inducible characteristic of CD11b + DCs.
Introduction
Dendritic cells (DCs) are professional antigen presenting cells, essential for the initiation of adaptive immune responses. Heterogeneous DC populations exist, and discrete subsets have been associated with the development of different T-helper (Th) cell responses. In the spleen, CD8α + DCs were reported to secrete high levels of IL-12p70 and preferentially induce Th1 responses, while CD8α
-DCs instead expressed IL-10 and promote Th2 differentiation [1] . In the intestine, multiple DC subsets have been defined [2] . Mice have at least three intestinal subsets: a major CD11b -CD103 + population whose development depends on the transcription factors Basic Leucine
Zipper ATF-like Transcription Factor 3 (Batf3) and Interferon Regulatory Factor (IRF)8; a large CD11b + CD103 + population that instead requires IRF4 [2] ; and a smaller, less well characterized CD11b + CD103 -population that is also IRF4-dependent [3] . In the steady state all three subsets migrate from the intestinal lamina propria to the mesenteric lymph node (MLN) [4] . Recent work has begun to elucidate their function under homeostatic conditions [3] [4] [5] [6] [7] , but their contribution during infection is less well understood.
Helminth parasites are common pathogens of the human intestinal tract, infecting some 2 billion people worldwide [8] . Helminths typically induce strong Th2 cell responses, characterized by the cytokines IL-4, IL-5, and IL-13 [9] , and DCs are essential to this process [10] [11] [12] . Several recent studies have examined whether such Th2 induction is specific to a particular subset of DCs. Mice with selective ablation of CD11b + CD103 + DCs show reduced Th2 responses in the MLN during infection with the helminths Nippostrongylus brasiliensis or Schistosoma mansoni [13, 14] . The same mice also show impaired Th2 responses in the context of allergic inflammation [13, 15, 16] .
These data suggested that CD11b + CD103 + DCs may play a unique role in the induction of Th2 cells. However, the same DCs also direct the differentiation of Th17 cells in the lungs during fungal infection [7] and prime Th17 cells in the MLN following CD40 and LPS stimulation [6] . We therefore hypothesized that CD11b + CD103 + DCs are not inherently programmed for Th2 induction but instead require external signals to adopt this function.
In a Th2 response, neither the nature of DC activation signals nor the cellular source of these instructions is well understood [17] . Unlike bacteria and viruses, helminths do not typically activate Fig 1A,B) . Following H. polygyrus infection, both the proportion and number of CD11b + CD103 + DCs decreased in the SI-LP (Fig 1C) . This reduction was accompanied by an increase in the proportion and number of these DCs in the MLN (Fig 1D) . These data support a hypothesis that CD11b + CD103 + DCs leave the infection site upon helminth infection, and accumulate in the local lymph node. The proportion and number of CD11b + CD103 -DCs in the MLN also increased following H. polygyrus infection (Fig 1F) , although the number of these DCs did not decrease significantly in the SI-LP (Fig 1E) . In contrast, there was no change in the number of CD11b -CD103 + DCs in either the SI-LP or MLN during H. polygyrus infection (Fig 1G,H) , and the total number of unfractionated DCs in the MLN also did not alter significantly upon infection (Fig S2) .
Together, these data suggest that only CD11b + DCs accumulate in the MLN in response to intestinal helminth infection. (Fig 2A,B) . PDL2 expression on CD103 + CD11b -DCs was unaffected by infection, although this subset showed high basal expression (Fig 2A,B) In our study, we show that CD11b + DCs from H. polygyrus-infected mice are distinctively able to promote Th2 differentiation. These data illustrate functional specialization in intestinal DC subsets.
Helminth infection induces functional specialization in
Studies using specific genetic depletion of CD11b + DCs have also implicated these subsets in the activation of T cell responses during helminth infection [13] , and in the development of allergic immune responses in the skin [13, 15] and lungs [38] . However, CD11b + intestinal DCs can also prime Th17 cells [6] , and CD11b + DCs in the lung are essential in the development of Th17 responses to fungal pathogens [7] . These data suggest that the function of separate DC populations remains flexible, and indeed our study indicates that the ability of CD11b + DCs to prime Th2 cells is not inherent but is a specific response to a helminth infection. 
Cell isolation and restimulation
MLNs were incubated in HBSS containing 400 U/ml Collagenase IV and 100 U/ml DNase for 25 supplemented with 100 U/ml penicillin, 100 µg/ml streptomycin, 2mM L-glutamine, NEAA, 1mM
Sodium Pyruvate, 0.5 mM β-mercaptoethanol and 5% fetal calf serum (FCS) in the presence of 5 µg/ml OVA 323-339 peptide and 20 ng/ml recombinant IL-4. Supernatants were analyzed using a Flex Set cytometric bead array (BD Biosciences).
Quantitative RT-PCR
RNA was extracted from sorted cell populations using the RNAqueous Micro Kit (Ambion). RNA concentrations were quantified using a Nanodrop 1000. 0.1-1µg RNA was reverse-transcribed using the iScript cDNA synthesis kit (BioRad). quantitative RT-PCR used SsoFast EvaGreen supermix (BioRad) and a BioRad CFX96 instrument. Gene expression was normalized to GAPDH. Primer
Statistics
Data sets were compared by Students t-test or by ANOVA followed by Tukey's multiple comparison test, using GraphPad Prism 6. Values of p < 0.05 were considered significant. Replicates are independent DC-T cell co-cultures using DCs purified from individual mice. Graphs display mean ± S.D. Statistical comparisons were performed using an ANOVA followed by Tukeys post hoc test (**p < 0.01, ****p < 0.0001).
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